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cuit boards, includes: (1) a tray for holding the chemical 
solution, with the tray having an open top which is con?g 
ured to receive a horizontally-oriented workpiece, with the 
tray having a top edge with a portion of the edge forming a 
dam over which the solution may ?ow and an opening in its 
lower portion where the solution can enter the tray, (2) a 
reservoir tank situated below the tray, (3) a feed line 
connecting the reservoir tank and tray opening, (4) a drain 
that returns the solution that over?ows the tray top edge to 
the reservoir tank, and (5) a pump that circulates the solution 
from the tank to the tray and over the horizontally situated 
workpiece. 

11 Claims, 7 Drawing Sheets 
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FIG. 1 
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HIGH EFFICIENCY PLATING APPARATUS 
AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to equipment and methods 

for coating and electroplating obj ects. More particularly, this 
invention relates to a method and apparatus for coating and 
electroplating objects such as printed circuit boards. 

2. Description of the Related Art 
The plating of objects, such as printed circuit boards 

(PCBs), may be accomplished by various processes. For 
PCBs having holes, an initial step or process is often 
required to coat or plate the holes so as to provide a 
conductive electrical path on the hole surfaces. 

This metal deposition step, often called “electroless plat 
ing,” does not rely on the typical electric ?elds that are 
associated With electroplating processes. Therefore, this 
metal deposition step is generally considered harder to 
regulate than a regular electroplating process. Thus, rather 
than use such an electroless plating technique to fully plate 
an object such as a PCB, after a base of conductive metal 
plating is applied by electroless means, the object is moved 
to an electroplating process for greater speed and control of 
the further addition of conductive material to the surfaces of 
the object. 

In a conventional metal deposition process, the object to 
be coated is immersed in various chemical solutions. For 
PCBs, this usually involves positioning the PCBs vertically 
(i.e., With their printed surfaces and the direction of the axis 
of their holes facing sideWard), clamping them at an upper 
or loWer edge, and loWering them into a open-top tank for 
treatment, then raising them from such tanks after the 
treatment is complete. As a complete coating usually Will 
require a number of treatments, including rinsing, coating, 
Washing, etc., the PCBs usually have to be transported from 
tank to tank of different chemical solutions. 

Such tanks can often take up considerable ?oor space, 
require large quantities of chemicals to ?ll them to the 
depths necessary to alloW the PCBs to be fully immersed and 
often require siZable ventilation hoods and air cleaning 
systems to address the safety concerns associated With 
utiliZing such chemicals in open-top tanks. These factors are 
some of the disadvantages of such metal deposition pro 
cesses. 

One of the most commonly used electroplating processes 
for adding conductive material to such coated objects is also 
an immersion type of process. It involves an open-top tank 
?lled With plating solution or electrolyte. Electrodes are 
placed in the tank, sometimes referred to as a plating bath, 
and a voltage is applied to the electrodes to set up an electric 
?eld in the tank. A poWer supply that has a variable voltage 
and amperage control is used to create the voltage betWeen 
the electrodes. One electrode, called the anode, is attached 
to the positive terminal of a poWer supply. The other 
electrode, called the cathode, is attached to the negative or 
ground terminal of the poWer supply. The object to be plated 
is connected to the negative side of the poWer supply and, in 
effect, the object becomes the cathode side of the circuit. The 
plating material Will deposit on the cathode side of the 
circuit. 

The electrolyte consists of a chemical solution Where the 
plating material, usually a metal, is dissolved and suspended 
in the liquid as metal ions. When the electric ?eld is applied, 
the metal ions deposit on the cathode and increase its 
thickness over time until the process is halted or the solution 
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2 
is exhausted. If the liquid is quiescent With no liquid currents 
or agitation, the electrolyte in the liquid layer immediately 
adjacent to the plated surface Will become depleted of ions. 
The rate of metal ion deposition Will sloW doWn by an order 
of magnitude unless the electrolyte is agitated or some other 
means is used to deliver fresh electrolyte. Agitation is also 
used to dislodge and sWeep aWay bubbles that sometimes 
form on the plating surface. The bubbles, typically hydro 
gen, form as a consequence of the deposition process and the 
bubbles Will obstruct plating and create pinholes and non 
uniform thickness in the plating. 

In such an electroplating process, the objects to be plated, 
e.g., PCBs, are also usually positioned vertically, clamped 
on an edge and loWered into an open-top tank of electrolyte 
for treatment. As With metal deposition, such an electroplat 
ing process Will often include a number of steps (e.g., 
rinsing, plating, etching, Washing), With the objects to-be 
plated being transported from tank to tank of differing, 
speci?ed solutions. 

Thus, it often proves to be the case that such electroplat 
ing processes have the same disadvantages as previously 
seen for the metal deposition process, i.e., their tanks take up 
considerable ?oor space, require large quantities of chemi 
cals to ?ll them to the depths necessary to alloW the PCBs 
to be fully immersed and often require siZable ventilation 
hoods and air cleaning systems to address the safety con 
cerns associated With utiliZing such electrolytic solutions in 
open-top tanks. 

Because of these disadvantages, there exists a continuing 
need for improved metal deposition and electroplating meth 
ods and apparatus. 

b 3. Objects and Advantages 
There has been summariZed above, rather broadly, the 

prior art that is related to the present invention in order that 
the context of the present invention may be better under 
stood and appreciated. In this regard, it is instructive to also 
consider the objects and advantages of the present invention. 

It is an object of the present invention to provide a method 
and apparatus that yields more efficient and loWer cost metal 
deposition and electroplating of objects, e.g., PCBs. 

It is an object of the present invention to provide a method 
and apparatus for metal deposition and electroplating of 
objects that requires less ?oor space than that required by 
prior art methods and apparatus utiliZing open-top tanks. 

It is an object of the present invention to provide a method 
and apparatus for metal deposition and electroplating of 
objects that requires lesser quantities of chemicals than that 
required by prior art methods and apparatus utiliZing open 
top tanks. 

It is an object of the present invention to provide a method 
and apparatus for metal deposition and electroplating of 
objects that requires smaller-siZe air cleaning systems than 
that required by prior art methods and apparatus utiliZing 
open-top tanks. 

These and other objects and advantages of the present 
invention Will become readily apparent as the invention is 
better understood by reference to the accompanying sum 
mary, draWings and the detailed description that folloWs. 

SUMMARY OF THE INVENTION 

The present invention is generally directed to satisfying 
the needs set forth above and overcoming the limitations and 
problems identi?ed With prior metal deposition and electro 
plating processes that utiliZe open-top tanks. 

In accordance With one preferred embodiment, the present 
invention takes the form of an apparatus for treating plate 
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like workpieces With a designated chemical solution, includ 
ing printed circuit boards. This apparatus includes: (1) a tray 
for holding the chemical solution, With the tray having an 
open top Which is con?gured to receive a horizontally 
oriented Workpiece, With the tray having a top edge With a 
portion of the edge forming a dam over Which the solution 
may How and an opening in its loWer portion Where the 
solution can enter the tray, (2) a reservoir tank situated 
beloW the tray, (3) a feed line connecting the reservoir tank 
and tray opening, (4) a drain that returns the solution that 
over?oWs the tray top edge to the reservoir tank, and (5) a 
pump that circulates the solution from the tank to the tray 
and over the horizontally situated Workpiece. 

In another preferred embodiment, the present invention 
further includes a housing having interior top and bottom 
surfaces, sideWalls and an open front. The tray is slidably 
attached to the interior sideWalls of the housing in such a 
manner that the tray may be pulled from the housing front 
While maintaining the horizontal orientation of the tray. 
MeanWhile, the reservoir tank is attached proximate the 
housing’s bottom interior surface. 

In yet another embodiment of the present invention, the 
treatment being administered to the Workpiece is electro 
plating utilizing an electrolytic solution. In this embodiment, 
the apparatus further includes: (1) a conductive plating rack 
con?gured to receive and mount the Workpiece so that the 
Workpiece may act as a cathode When the rack is immersed 
in the tray and surrounded by an electrolytic solution, (2) a 
?lter material con?gured to sit horizontally Within the tray 
and to ?lter the solution as it ?oWs from the bottom to the 
top of the tray, (3) a frame to Which the edges of the ?lter 
material are attached, (4) a porous, planar anode con?gured 
to sit horizontally Within the tray and above the tray opening 
and beloW the ?lter material and its frame, and (5) electrical 
connection means attached respectively to the anode and 
plating rack that a poWer source to be connected across this 
circuit. This embodiment may also use a housing to 
assemble a number of these trays so that they can slide out 
from the front of such a housing. 

Additionally, other embodiment of the present invention 
consist of various methods for practicing these treatment 
methods utilizing the apparatus of the present invention. 

Thus, there has been summarized above, rather broadly, 
the present invention in order that the detailed description 
that folloWs may be better understood and appreciated. 
There are, of course, additional features of the invention that 
Will be described hereinafter and Which Will form the subject 
matter of any eventual claims to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a perspective vieW of the immersion tray 
assembly used With a preferred embodiment of a plating 
method of the present invention. 

FIG. 2 illustrates a clamping device suitable for use in 
stacking and clamping board-like materials Which are to be 
plated using the present invention. 

FIG. 3 illustrates a ?lter material and frame suitable for 
use With the present invention. 

FIG. 4 illustrates a perspective vieW of a frame or housing 
assembly having multiple pull-out, draWer-like trays of 
various plating solutions. 

FIG. 5 illustrates a plating rack suitable for use With a 
preferred electroplating process of the present invention. 
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4 
FIG. 6 provides a side vieW of the materials that are used 

in an immersion tray assembly Which is suitable for use With 
a preferred embodiment of an electroplating method of the 
present invention. 

FIG. 7 is a perspective vieW of a draWer assembly suitable 
for use With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For purposes of explanation and not limitation, speci?c 
details are set forth beloW in order to provide a thorough 
understanding of the present invention. HoWever, it Will be 
apparent to one skilled in the art that the present invention 
may be practiced in other embodiments that depart from 
these speci?c details. In other instances, detailed descrip 
tions of Well knoWn methods, hardWare, etc. are omitted so 
as not to obscure the description of the present invention 
With unnecessary detail. 

Referring noW to the draWings Which shoW a preferred 
embodiment of the present invention and Wherein like 
reference numerals designate like elements throughout, FIG. 
1 is seen to provide a perspective vieW of a key aspect of a 
preferred embodiment of the plating method of the present 
invention for treating thin, porous, plate-like Workpieces 
(e.g., PCB). The materials to be treated, Which for illustra 
tive purposes We take to be PCBs 2, are positioned hori 
zontally, With the tooling holes in the corners of the PCBs 
being used to carefully align the holes of the PCBs. These 
are stacked and clamped together. FIG. 2 illustrates a 
clamping device 3, having a thumb screW 3a, Which is 
suitable for this purpose. Such a stack 4 is then placed on top 
of an optional ?lter material 5 and support frame 6. See FIG. 
3. 

This ?lter material 5, frame 6 and its stack 4 are then 
immersed into a relatively shalloW, box-like, open-top con 
tainer or tray 8 containing a speci?ed chemical solution. At 
the bottom of the tray, there is an opening 10 Which alloWs 
a chemical solution to be pumped into the tray. The entering 
solution ?oWs up through the tank and over?oWs the edges 
12 of the tray Where it is collected by a drain 14 Which 
returns the solution to a collection tank 16 located beloW the 
tray. A pump 18 and feed line 19 connected to this collection 
tank serves to circulate the solution through the tray. 

In another preferred embodiment of the present invention, 
the a portion of sides bottom of the shalloW tray 8 and the 
top of the clamp 3 for the stack 4 are con?gured so that they 
can be sealed together so that the only How path for the 
solution entering the bottom of the tray 8 is to How through 
the holes in the PCBs. This serves to increase the How rate 
through the holes of the PCBs and greatly expedites the 
metal deposition process occurring on the hole surfaces. 

Since more than one type of chemical solution is needed 
in such metal deposition processes, trays such as that 
described above are con?gured so that they can act and 
function as pull-out draWers situated Within a larger frame or 
housing 20. Many Well-knoWn means (e.g., slide rails, 20a) 
exist for providing such pull-out-draWer capabilities for the 
trays. When assembled in a housing 20, these trays 8 may be 
situated so that they sit one on top of the other or With one 
tray beside another. An exhaust hood connection 21 on the 
top of the housing alloWs for an air cleaning system to be 
attached to the housing so that it can vent the fumes coming 
from the open-top trays. It should be noted that the top tray’ s 
open top sits in close proximity to the housing’s top surface 
so as to minimize the extent of the fumes that can escape into 
the environment surrounding the housing. See FIG. 4. 
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For trays containing the same chemical solution, a single 
pump and collection tank can serve these trays. Similar 
pumps and collections tanks can serve other trays that 
contain the same type of chemical solution. 

The proximity of the draWer-like trays 8 in the housing 20 
makes it easy for a technician to quickly move the frames 6 
and their stacked PCBs from one tray to another as the PCBs 
move through the various immersion steps in such a metal 
deposition or plating process. 

Since the prior art for electroplating processes also 
involves the use of multiple, large, open-top immersion 
tanks, an embodiment of the present invention is also 
directed to an improved electroplating process Which elimi 
nates the use of such large immersion tanks. 

With electroplating, each object or PCB must be racked or 
Wired so that it serves as a cathode for the electric circuit 
used in the process. FIG. 5 illustrates a plating rack 22 
suitable for use With the present invention. An anode 24 for 
the present invention takes the preferred form of a porous, 
?at member that is preferably fabricated from copper sheet. 
A porous, ?lter-like material 26 and its frame 28 are used to 
separate the PCB 2 to be plated from contact With the anode 
24. A ?lter material suitable for this application is made by 
assembling various layers of Woven materials. For example, 
a preferred embodiment uses No. 232 mesh, polyester 
screens to sandWich an approximately 0.25 inch layer of 200 
micron, pore size polypropylene ?lter material. Other simi 
lar materials Which are suitable for this use are in the range 
of 40*500 mesh polyester screens and polypropylene ?lter 
materials having pore sizes in the range of 50500 microns. 
A PCB 2 to-be-plated, after being ?xed in its plating rack 

22, is positioned horizontally so that it can be placed on top 
of the ?lter material 26 Which rests on or above the anode 24 
Which is also positioned horizontally. This assembly is then 
placed on a ledge 27 of a shalloW, immersion tray 30 
containing the electrolyte. See FIG. 6 for a cross-sectional 
vieW of such an arrangement and FIG. 7 for the draWer 
assembly itself. 

Because of the close proximity of the to-be-plated PCB to 
the anode, one ?nds that plating times can be signi?cantly 
reduced if the solution in proximity to the PCB is circulated 
so as to avoid alloWing the solution proximate to the PCB to 
become depleted of ions. This is accomplished by recircu 
lating the solution betWeen a collection tank 32 beneath the 
tray 30 and the tray itself. 

Despite signi?cant recirculation, since there is only one 
anode in this electroplating arrangement, it is found that 
preferential plating does occur on the side With no anode. 
This can be overcome by turning over the PCB in the middle 
of its plating cycle, or by adding a top anode. 

To further improve the uniformity of the ions in proximity 
to a to-be-plated object, other standard solution mixing 
features can be utilized, e.g., vibration of the object or air 
agitation of the electrolyte. 
An opening 34 in the bottom of the tray 30 alloWs the 

electrolyte to be pumped into the tray. The entering electro 
lyte ?oWs up through the tray and over?ows an edge 36 at 
the back of the tray Where it is collected by a drain 38 Which 
returns the electrolyte to the collection tank 32 located 
beloW the tray. A pump 40 connected to this collection tank 
serves to recirculate the electrolyte through the tray. 

To minimize the ?oor space requirements for such an 
electroplating arrangement, multiple trays such as that 
described above are con?gured so that they can act and 
function as pull-out draWers situated Within a larger frame or 
housing 20. Many Well-knoWn means exist for providing 
such pull-out-draWer capabilities for the trays. When 
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6 
assembled in a housing 20, these trays 30 may be situated so 
that they sit one on top of the other or With one tray beside 
another. Such an arrangement is similar to that previously 
seen FIG. 4. In such an arrangement, a single pump and 
collection tank can serve many electroplating trays situated 
Within a single frame. 

Additionally, it can be seen that the pull-out nature of the 
draWer-like trays 30 in such a housing 20 again makes it easy 
for a technician to ef?ciently remove a PCB and check on 
the extent and uniformity of its plating. 
The above described embodiments of the present inven 

tion are seen to signi?cantly overcome many of the prob 
lems identi?ed With prior art plating methods (e.g., open-top 
tanks take up considerable ?oor space, require large quan 
tities of chemicals to ?ll them to the depths necessary to 
alloW the PCBs to be fully immersed and often require 
sizable ventilation hoods and air cleaning systems to address 
the safety concerns associated With utilizing chemical solu 
tions in open-top tanks). For example, some of the projected 
savings utilizing the embodiment described above (in the 
form of a housing having ?ve, 22"><30"><4" draWers that can 
each accommodate tWo 12"><18" PCBs in 11.5 gallons of 
solution) versus a conventional open-top tank immersion 
system are: Quantity of Chemical Solutions Requiredi 
Reduced from 500 to 80 gallons, Quantity of Anode Material 
RequirediReduced from 700 lbs. of phosphorous-based 
hook-shaped anodes to 100 lbs. of copper sheet material 
from Which the thin, porous anodes are fabricated, and 
Quantity of Filter Material RequirediReduced from 
approximately 40 square feet for ten, standard-size anode 
bags to 15 square feet of specialty ?lter material. 
The foregoing descriptions of the invention have been 

presented for purposes of illustration and description. Fur 
ther, the description is not intended to limit the invention to 
the form disclosed herein. Consequently, variations and 
modi?cations commensurate With the above teachings, and 
combined With the skill or knoWledge in the relevant art are 
Within the scope of the present invention. 
The preferred embodiments described herein are further 

intended to explain the best mode knoWn of practicing the 
invention and to enable others skilled in the art to utilize the 
invention in various embodiments and With various modi 
?cations required by their particular applications or uses of 
the invention. It is intended that the appended claims be 
construed to include alternate embodiments to the extent 
permitted by the current art. 

I claim: 
1. An apparatus for treating plate-like Workpieces With a 

designated chemical solution that is made to How around 
said Workpieces, including printed circuit boards, said appa 
ratus comprising: 

a plurality of trays for holding said ?oWing chemical 
solution, each tray having an open top Which is con 
?gured to receive said plate-like Workpiece When said 
Workpiece is oriented so that its largest-surface-area 
surface is oriented horizontally, said tray having a top 
edge With a portion of said edge forming a dam over 
Which said solution ?oWs, an opening in the loWer 
portion of said tray Where said solution enters said tray 
at a point that is beloW the bottom of Where said 
Workpiece sits When said Workpiece is horizontally 
situated in said tray, 

an anode is con?gured to sit Within each tray, 
a reservoir tank situated beloW said tray, 
a feed line connecting said reservoir tank and said tray 

opening, 
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a drain that returns said solution that over?ows said tray 
top edge to said reservoir tank; and 

a housing having interior top and bottom surfaces, side 
Walls and an open front, Wherein said plurality of trays 
are attached to the interior sideWalls of said housing, 
and Wherein said reservoir tank is attached proximate 
said bottom interior surface. 

2. An apparatus as recited in claim 1, Wherein said 
Workpieces having top and bottom surfaces and holes that 
run betWeen said surfaces, said holes located on said Work 
pieces so that said holes can be aligned When said Work 
pieces are stacked one upon the other, said apparatus further 
comprising: 

a clamping device for aligning said Workpieces so that 
their holes align and holding said Workpieces in said 
aligned and stacked orientation, With said clamping 
device con?gured to sit in the bottom of said tray While 
holding said Workpieces. 

3. An apparatus as recited in claim 1, Wherein each tray is 
slidably attached to the interior sideWalls of said housing in 
such a manner that said tray may be pulled from said 
housing While maintaining the horizontal orientation of said 
tray. 

4. An apparatus as recited in claim 3, Wherein each tray is 
slidably attached to the interior sideWalls of said housing in 
such a manner that said tray may be pulled from said 
housing While maintaining the horizontal orientation of said 
tray. 

5. An apparatus as recited in claim 1, Wherein said 
treatment is electroplating and said solution is an electrolytic 
solution, said apparatus further comprising: 

a conductive plating rack con?gured to receive and mount 
said Workpiece so that said Workpiece may act as a 
cathode When said rack is immersed in said tray and 
surrounded by said electrolytic solution, said plating 
rack con?gured to sit horizontally Within said tray, 

a ?lter material con?gured to sit horizontally Within said 
tray and to ?lter said solution as it ?oWs from the 
bottom to the top of said tray, and 

an anode con?gured to sit Within said tray so that said 
anode is situated above said tray opening and beloW 
said ?lter material. 
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6. An apparatus as recited in claim 5, said apparatus 

further comprising: 
a frame to Which the edges of said ?lter material are 

attached, said frame con?gured to sit horizontally 
Within said tray beloW said plating rack that holds said 
Workpiece. 

7. An apparatus as recited in claim 5, Wherein each tray is 
slidably attached to the interior sideWalls of said housing in 
such a manner that said tray may be pulled from said 
housing While maintaining the horizontal orientation of said 
tray. 

8. An apparatus as recited in claim 1, Wherein said 
housing exterior surface having an opening for an exhaust 
hood connection that is con?gured so as to alloW an air 
cleaning system to be connected to said housing for venting 
said fumes from said plurality of trays. 

9. An apparatus as recited in claim 8, Wherein each tray is 
slidably attached to the interior sideWalls of said housing in 
such a manner that said tray may be pulled from said 
housing While maintaining the horizontal orientation of said 
tray. 

10. An apparatus as recited in claim 9, Wherein said 
treatment is electroplating and said solution is an electrolytic 
solution, said apparatus further comprising: 

a conductive plating rack con?gured to received and 
mount said Workpiece so that said Workpiece may act 
as cathode When said rack is immersed in said tray and 
surrounded by said electrolytic solution, said plating 
rack con?gured to sit horizontally With said tray, 

a ?lter material con?gured to sit horizontally Within said 
tray and to ?lter said solution as it ?oWs from the 
bottom to the top of said tray, and 

an anode con?gured to sit Within said tray so that said 
anode is situated above said tray opening and beloW 
said ?lter material. 

11. An apparatus as recited in claim 10, said apparatus 
further comprising: 

a frame to Which the edges of said ?lter material are 
attached, said frame con?gured to sit horizontally 
Within said tray beloW said plating rack that holds said 
Workpiece. 


